In this paper, ridgetail white prawn (Exopalaemon carinicauda) quality evaluation was performed by electronic nose (e-nose). Physical/chemical, such as human sensory evaluation (HSE), weight loss, colour, total viable counts (TVC), GC-MS, K value, microbial, and e-nose were persistently tested. Principal component analysis (PCA) and stochastic resonance (SR) were used for measurement data processing. Results suggested that prawn quality persistently decreased due to microbial propagation. GC-MS results demonstrated that the volatile gases emitted by the samples increased during measurement. PCA could not discriminate all prawn samples, and SR eigen values discriminated all samples. Sensitivity evaluation on colour, TVC, weight loss, HSE, GC/MS, K value, and e-nose was made, and results indicated that e-nose presents some advantages including low cost, rapid examination, and good repeatability. E-nose Prawn quality evaluation model was also built for e-nose.
Study of sensitivity evaluation on ridgetail white prawn (Exopalaemon carinicauda) quality examination methods 
Introduction
Ridgetail white prawn (Exopalaemon carinicauda) has been popular for its multiple nutrition and good taste. [1] [2] [3] It has abundant unsaturated fatty acids (such as EPA and DHA). [4] [5] [6] However, nutrients within prawn tissues easily decompose and degrade when functioned by autolysis enzymes and microorganisms, leading to quality decrease and economic losses. [7, 8] Physiochemical examination methods could effectively characterize food quality according to corresponding official standards (such as GB in China, and AOAC in USA). However, these methods have fuzzy operations, time-consuming procedure, and complex sample preparation. [9, 10] Instrument analysis method presents accurate measurement results. [11] However, it needs expensive instruments and experienced operators. Also, it needs complex sample pre-treatment, limiting its application in food quality rapid examinations. [12] Much progress has been made on e-nose since it was proposed. It has wide applications in food characterization, medicine exploration, and chemical industry. [13] [14] [15] [16] [17] [18] [19] It has better stability and repeatability than human nose. Also, e-nose has advantages including rapid detection, easy operation, and low cost. [14, 20, 21] CONTACT Xiaoguo Ying yingxiaoguo@126. E-nose popular data treatment methods include principal component analysis (PCA), artificial neural networks (ANN), partial least square (PLS), etc. [21] These methods usually suffer from some disadvantages, such as inaccuracy, low training efficiency, etc. Stochastic resonance (SR) belongs to counter-intuitive non-linear dynamic model. This method develops fast in the past decades. [22] SR has been widely applied in abundant fields, such as chemical reaction simulation, signal processing, and artificial intelligence. [23] [24] [25] Sensitivity evaluation study on ridgetail white prawn (Exopalaemon carinicauda) quality examination was investigated in this paper. Physiochemical indexes, such as human sensory evaluation, weight loss, colour, GC-MS, K value, and microbial, were examined for 9 days. E-nose responses to samples were measured. The quality evaluation method was developed.
Materials and methods

Materials
Ice-fresh prawns nearly in the same weight (25.0 ± 5.0 g) were obtained in Hangzhou, China. They were carried to laboratory with ice box, and processed at low temperature (<10°C). Prawn meat was made for experimental samples. The weight of the samples was 10.0 ± 2.0 g. Then samples were packaged with PE membrane and stored at 4°C. Each day, 15 samples were randomly selected for physiochemical tests and e-nose tests. The experiments time was 9d. In validation tests, another 30 samples were selected.
TVC
TVC was examined according to AOAC standard protocol. [26] TVC-based prawn quality change characterization pathway is displayed in Figure 1 . The index was presented by logxCFU (colony forming units)/g.
Physical
Weight loss was defined by weighing samples before and after storage. The results were exhibited as loss percentage respect to the initial weight. Colour index examination was measured by chromatic meter (TES-135, Taishi Electronics). The colour measurement method could be referred to previous reports. [25] Figure 1. TVC-based prawn quality change characterization.
GC-MS
Agilent 7694E (Agilent Technologies Inc., Santa Clara, USA) was linked to gas chromatography 7890A (Agilent Technologies Inc., Santa Clara, USA) with mass spectrum 5975C (Agilent Technologies Inc., Santa Clara, USA) in the examination. Data was treated by MSD ChemStation. The measurement details could be referred to previous literature. [14, 25] ATP-related compounds and k value K value is related to ATP and its breakdown products were analysed according to the modified method. The examination method could be referred to previous reports. [25, 27] Human sensory evaluation HSE was conducted by 6 experienced panelists. The detailed information could be referred to previous report by Li et al. [25] E-nose system and measurement Before measurement, the sample is fixed in a 50 mL air-insulated vial. The vials are equilibrated for 30 min. E-nose was turned on, and the sensor combination are recovered by the gas filtered by active carbon to make the responses of the sensors back to the baseline. Then the measurement is started. The gases emitted by the samples are inhaled in to e-nose at a flux speed of 400 mL/min for 45s. The sampling frequency is 10 Hz.
SR usually contains a bistable system, a coherent input, and a noise source. The definition and system details of SR could be referred to previous literature. [23, 24] During the measurement of sensor system, there are aimed sensor signal and intrinsic noise. These two factors are recorded in the e-nose data. In SR analysis, the input signal is e-nose data. External stimulation noise is a virtual parameter, which is coupled into SR model in MATLAB software platform to facilitate an ideal resonance state of SR system. At this resonance state, SR system outputs the optimal SNR parameters. The weak signal can be amplified by adding additional white noise to the SR system. It is demonstrated in numerous research works that the strength of weak signal will increase and that of intrinsic noise will decrease by the cooperation of proper additional external stimulating noise, input signal, and the non-linear threshold system. 
Results and discussion
TVC
TVC examination results are displayed in Figure 3 (a). TVC value is 2.7 log 10 CFU/g in day 0, and it grows rapidly with the increase of storage time. TVC value of 6 log 10 CFU/g is set as the upper limit of acceptable threshold for prawn freshness. After 6 days storage, TVC value reaches 6.4 log 10 CFU/g in day5, which is higher than the upper limit of acceptable threshold. So the sample is non-fresh. The main spoilage microorganisms in postmortem prawns include Shewanella putrefacens, Photobacterium phosphoreum, Pseudomonas, Enterobacteriaceae, and lactic acid bacteria. After postmortem, the microorganisms continuously grow and multiply by utilizing nutrients within fish body, and lead to rapid growth in TVC. Results also demonstrate that microbial spoilage is an important factor in white prawn quality changes.
Physical parameters
Weight loss percentage of all groups increases with the increase of storage time, as displayed in Figure 3(b) . The weight loss percentage is less than 5% within the first two days. In the following three days, it presents a rapid increase trend and reaches about 18% in day 4, indicating that moisture loss plays an important role in the loss of prawn quality. During the rest four days, weight loss presents a relax trend. It finally reaches about 25% in day8.
Changes in colour parameters including L*, a*, and b* and whiteness are shown in Table 1 . L* and whiteness of all prawns decrease and a* and b* increase during storage. At the end of storage, whiteness value is 39.46 (nearly lose 25% with respect to the initial value), suggesting that lightness changes obviously during storage. Animal muscle structure, pigment accumulation, and moisture loss are main reasons for meat colour changes. Colour examination results demonstrate that prawn quality decreases with the increase of storage time. Figure 3(c) . Several principal spoilage compounds including trimethylamine (C 3 H 9 N), disulfide ethane (C 2 H 6 S 2 ), and amyl alcohol (C 5 H 12 O) are found in prawn samples. The abundances of these products are relatively low in day 0, suggesting that samples have high freshness. After 2 days of storage, the abundances present rapid growth, and trimethylamine is regarded as the main product. Results demonstrate that the prawn quality decreases with the increase of storage time.
GC-MS
GC-MS results are displayed in
K value
K value results are displayed in Figure 3(d) . K value is 6.7% in day 0. Then it rapidly increases and reaches 65.6% in day 8. K value of 60% is defined as the upper limit of acceptable threshold for marine food. Therefore white prawns stored over 6 days are non-fresh, and lost their edible value. When prawns are dead, ATP-related compounds within prawn body degrade when functioned by relevant enzymes. IMP decomposition is regarded as a critical factor inducing rapid increase of K value, as a consequence of 5-nucleotidase catalysis.
K value is defined in Eq. (1). AMP and IMP within in prawn body are generated by ATP degradation and accumulate without being degraded for some time functioned by microbial propagations and related enzymes. [25, 27] HxR and Hx are increased. Therefore, prawn quality degradation can be determined by K value. K value increases with the increase of TVC value, indicating good correlation between the K value and TVC value.
HSE
HSE score plan is decided in Table 2 . The samples are scored according to their appearance, touch, colour, odour and viscidity, and a score of 3.5 is set as the freshness acceptable threshold. The score of all samples is 5 in day 0 (see Figure 3(e) ). In day 5, preference score decreases to 2.89, which is lower than 3.5 and considered as non-fresh. Due to microbial growth and lipid oxidation, the samples showed spoilage, appearing as off-odour after several days of storage. 
EN experiments results
EN results
EN responses to samples are displayed in Figure 4(a) . The sensors present different responses to one sample. Sensor S4 presents the largest responses, and sensor S1 follows. Sensor S2 owns the lowest responses. Sensors in response ascending order are S2, S3, S8, S7, S5, S6, S1, and S4. Diverse responses by different sensor make it possible that EN can imitate human olfactory to realize prawn quality overall evaluation. PCA is a kind of popular method in pattern recognition research field. The newly generated variables are used to delegate the original ones after PCA processing. Then the data set can be classified based on the variance in principal component scores. Figure 4(b) displays PCA results. The first 2 principal components (PC 1 and PC 2) explain 88.6% of data variance, covering most of original variables. PC 1 increases, and PC 2 decrease during the first 4 days. After that, these two components inversely change. Some samples overlap with other samples, so PCA can not quantitative discriminate all samples. Figure 4 (c). Noise intensity ranges between 0 and 900. SNR first increases, and then decreases with the increase of noise intensity. The eigen peaks form at noise intensity of 87. Prawn SNR max values under different storage time vary from each other. SNR max values successfully characterize the samples in different quality.
SR results
SR SNR as function of white noise intensity is shown in
Sensitivity evaluation
To validate the sensitivity of the quality measurement methods, additional experiments are performed. Another 32 samples are prepared and used for validating tests. The results are displayed in Table 3 . Results demonstrated that the mean error of colour was the largest, and the mean error of e-nose presented the least. The order of the average error from large to small is colour, TVC, weight loss, HSE, GC/MS, K value, and e-nose. A possible explanation lies in the examination style difference of these methods. Colour method heavily depends on the chromatic meter and operations of the testers. The relative position between chromatic meter and the measured samples is hard to be kept during the whole measurement. A slight movement could affect the transmission route of the emitted light, which could bring relatively larger fluctuation to the measurement results. The examination methodology of TVC relies on growth of the microbial on the culture plate. However, the growth and the metabolism of the aimed microbial present heavy randomness, which makes the accuracy and repeatability of TVC measurement difficult. The weight loss index measurement also has such problems, such as size, weight, shape has more or less influence on the results. HSE results depend on the sensory evaluation of the panelists. The situations of these panelists, such as healthy status, age, gender, experiences, etc. have much influence on the decisions made by the panelists. In general, methods of GC/MS, K value, and e-nose all need certain instruments. The instruments are operated as certain rules, so the results of these three methods suffer less mean error than other four methods. Especially, e-nose presents the lowest mean error, indicating it owns more advantages than other methods. Moreover, this method has more advantages such as low cost, rapid examination, and good repeatability (see the SD in Table 3 ). As a result, e-nose is more suitable for white prawn quality measurement than other methods.
Construction of quality evaluation method
We constructed prawn quality evaluation method by utilizing the area parameter enveloped by baselines and SNR curve (see Figure 4(d) ). With the increase of storage days, the enveloped area increased. Figure 4 
After mathematical derivation, the prawn storage time calculating model can be obtained:
Based on the above experiments and analysis, e-nose presented better prawn quality evaluation sensitivity than physiochemical examination methods. Also, the quality evaluation way using e-nose was developed.
Conclusion
Ridgetail white prawn (Exopalaemon carinicauda) quality examination sensitivity evaluation way was studied in this work. TVC-induced prawn changes in physical, biological, and chemical aspect is proposed. The microbial takes the nutrition and releases the metabolism products, leading to complex changes in prawn meat quality. TVC, weight loss, colour, GC-MS, K value, HSE, and e-nose were continuously examined for 9 days. PCA and SR were used for e-nose data treatment. PCA results did not discriminate all prawn samples, and SR signal-to-noise ratio successfully discriminated all samples quantitatively. Sensitivity evaluation on colour, TVC, weight loss, HSE, GC/MS, K value, and e-nose was made and results indicated that e-nose has more advantages such as low cost, rapid examination, and good repeatability. E-nose is more suitable for white prawn quality measurement than other methods. Prawn quality rapid evaluation way was built based on SR parameters. E-nose is promising in aquatic product quality analysis.
